Abstract Failure to achieve an adequate response after initial antidepressant treatment in patients with depression is common and remains a clinical challenge. In recent years, some atypical antipsychotic agents have been approved by the US Food and Drug Administration for use in an augmentation strategy for major depressive disorder, and other agents are already in common use in clinical practice. We conducted a search of MEDLINE for relevant studies of augmentation strategies using randomized controlled trials and meta-analyses, and we summarize and discuss the various agents other than atypical antipsychotics. Lithium and thyroid hormone augmentation may improve the response of tricyclic antidepressants but not that of selective serotonin reuptake inhibitors. The efficacy of augmentation with modafinil, buspirone, methylphenidate, folic acid, pindolol and lamotrigine is limited or equivocal. Most of the studies have not focused on treatment-resistant depression (TRD). More trials are needed to help develop evidence-based options for augmentation in TRD.
Introduction
Most patients with major depressive disorder (MDD) do not achieve an adequate response with first-line antidepressant monotherapy. A meta-analysis reviewed 182 randomized, double-blind, placebo controlled trials of antidepressants for adults with MDD (n = 36,385), and the response rates for antidepressants and placebo were 53.8 % and 37.3 %, respectively [1] . In the Sequenced Treatment Alternatives to Relieve Depression (STAR*D) study of patients with MDD, after 12 weeks of treatment with citalopram, only one-third of participants were in remission [2] . Patients with MDD without remission are disturbed by residual symptoms, cannot return to normal functioning, require increased utilization of medical services, and are vulnerable to relapse [3] [4] [5] . Treatment-resistant depression (TRD) is common and is a therapeutic challenge for clinicians and patients.
One of the major strategies in managing TRD is augmentation, which refers to the use of a psychotropic agent that is not indicated for depression to enhance the effect of an antidepressant. The advantage of augmentation is its potential for rapid improvement without the need for titration. However, augmentation also adds the complexity of polypharmacy to the treatment regimen, which can increase side effects and complicate adherence [6] . It is generally recommended if a partial response is achieved along with tolerability in a given treatment trial [7, 8] .
In the past decade, some atypical antipsychotics such as an olanzapine-fluoxetine combination, aripiprazole and quetiapine have been approved by the US Food and Drug Administration for the adjunctive therapy of MDD [9] . However, the potential side effects, including sedation, akathisia, weight gain, Q-T prolongation and metabolic syndrome should be noted [10] . For over 30 years, despite a dearth of evidence and off-label indications, some other agents have been used in clinical practice for augmentation in the treatment of MDD [11, 12] , and these are still listed in several clinical guidelines [13] [14] [15] [16] .
The Canadian Network for Mood and Anxiety Treatment (CANMAT) clinical guidelines for the management of depressive disorder in adults [14] recommend different strategies (switch or add-on) and different agents (e.g. atypical antipsychotics and lithium) at different stages (first, second, or third-line treatment) based on the level of available evidence, as follows: Level 1: at least two randomized controlled trials (RCTs) with adequate sample sizes, preferably placebo controlled, and/or meta-analysis with narrow confidence intervals; Level 2: at least one RCT with adequate sample size and/or meta-analysis with wide confidence intervals; Level 3: nonrandomized, controlled prospective studies, case series, or high-quality retrospective studies; and Level 4: expert opinion/consensus (Table 1) . It should be noted that the level of evidence merely represents the quality and nature of the studies that have been conducted. The purpose of this paper is to review and discuss the various agents other than atypical antipsychotics in the augmentation of antidepressants for MDD by their levels of evidence.
Methods of Literature Review
We searched MEDLINE (1975 MEDLINE ( -2011 to identify RCTs and meta-analyses to evaluate various agents other than atypical antipsychotics in augmentation for MDD. We used 'augmentation', 'adjunctive', 'depression', 'antidepressant' and 'treatment refractory depression' as the keywords. No language constraints were applied. We reviewed the relevant literature by level of evidence.
Specific Agent for Augmentation Therapy for Major
Deprissive Disorder by Level of Evidence
Level 1: Lithium
Since 1981, lithium augmentation has been used to enhance the effects of antidepressants [17] . Lithium augmentation of the tricyclic antidepressants (TCAs) has been studied extensively. A formal metaanalysis of 10 placebo controlled, double-blind studies (n = 269) found that lithium was significantly superior to placebo (mean response rate 41 % versus 14 %, p \ 0.001) in the augmentation of antidepressants, including TCAs and selective serotonin reuptake inhibitors (SSRIs) [18] . Crossley and Bauer (2007) [19] have undertaken two meta-analyses to review five acceleration studies (231 participants) adding lithium to TCA and 10 augmentation studies (269 participants) adding lithium to various antidepressants including SSRIs. In the acceleration metaanalysis, a statistical trend in favour of lithium was found [standardized mean difference of -0.43, 95 % confidence interval (CI) -0.93 to 0.07]. In the augmentation metaanalysis, lithium was significantly more effective than placebo [odds ratio (OR) = 3.11, 95 % CI 1.80 to 5.37]. Forty per cent of study participants on lithium responded against 17 % on placebo. However, many of the studies included in this meta-analysis were small. One study had 61 patients and another had 35 or fewer patients. Usual doses of lithium during augmentation were 600-900 mg/ day, which translates into a lithium level of 0.4 mEq/L or greater, which is lower than the therapeutic level.
Bauer and colleagues [20] completed a recent metaanalysis in 2010. However, few studies were conducted on SSRI nonresponders. Most of those studies were open label, and the results confirmed that augmentation with lithium was effective in TRD (Table 2 ) [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
Lithium remains a first-line augmentation strategy best supported by double-blind, placebo controlled RCTs. It is effective as both a response modulator and accelerant, often effecting a treatment response within 2 weeks of beginning treatment at doses between 600 and 900 mg/day, corresponding to serum levels greater than 0.5 mEq/L. The disadvantages of lithium use include an uptitration period, with up to 6 weeks needed for response, and the need for blood drug-level monitoring.
Lithium is one of the oldest and most studied agents used to improve outcomes in patients who experience inadequate results from an antidepressant trial. The evidence is strongest for patients whose depression is inadequately treated by an initial trial of a TCA. However, the data for augmentation of newer antidepressants are weak, and significant benefit has not been observed in the two most recent trials of this strategy [29, 30] . The low doses of lithium used (the mean plasma concentration was only 0.25 mEq/L) [29] may explain why there was no significant difference between lithium and placebo augmentation to the TCA. Another trial studied depressed patients who had already received one or more adequate trials of therapy with SSRIs before the sequenced combination of nortriptyline. After 6 weeks of double-blind augmentation, no significant difference was seen between lithium and placebo augmentation (12.5 % of subjects responded to lithium and 20.0 % to placebo) [30] .
TCAs are now typically reserved for patients with more advanced levels of treatment resistance; thus the relevance of lithium augmentation in contemporary practice is less clear than might be assumed from the strong recommendations found in current guidelines. Given the side effects, relatively low therapeutic index, and longer-term risks of thyroid and renal compromise associated with this agent, it should be used to augment SSRIs with caution.
Level 2: Triiodothyronine
Thyroid hormone augmentation is another common option. It has been shown that L-triiodothyronine (T3) is superior in efficacy to thyroxine (T4) in TRD [31] .
A meta-analysis was performed by Aronson et al. (1996) [32] to assess the efficacy of augmentation with T3 in patients with MDD refractory to TCAs. They found that pooled effects across the four randomized double-blind studies were not significant (relative response 1.53; 95 % CI 0.70 to 3.35; p = 0.29), but one study with negative results accounted for most of this result.
Another meta-analysis by Altshuler et al. [33] found that in five of six studies, T3 was significantly more effective than placebo in accelerating clinical response to TCAs in nonrefractory depression (weighted effect size index = 0.58). They also found that women were more likely than men to benefit from this strategy.
Previous studies have focused on the augmentation of T3 in TCA-refractory depression; therefore, Cooper-Kazaz and colleagues [34] conducted a meta-analysis on five RCTs; three were enhancement studies in which T3 was administered concurrently with the SSRIs from the start of treatment, and two were augmentation studies in which T3 was added for patients who had not responded to SSRI treatment. They found that the two open augmentation studies were too disparate in methodology to allow metaanalysis. One large RCT showed some support for an effect of T3 in SSRI nonresponsive patients; a smaller, underpowered RCT showed no benefit. The three enhancement studies were inconclusive in that one showed strongly positive effects of T3, one showed no effect, and one showed a trend.
The STAR*D trial compared remission rates for patients with TRD who were randomly assigned to lithium or T3 augmentation and found a trend in favour of T3 (25 %) over lithium (16 %), although the difference was not significant [35] .
The dose of T3 for augmentation was typically 25-50 lg/day, which was similar to the STAR*D study. To date, T3 augmentation has established efficacy for TCA Adapted from Lam et al. [14] MAOI monoamine oxidase inhibitor SSRI selective serotonin reuptake inhibitor, TCA tricyclic antidepressant nonresponders, but whether T3 augmentation is effective in SSRI-resistant patients is still unknown. T3 augmentation is well tolerated and common side effects include palpitations, sweating, nervousness and tremor.
Level 2: Modafinil
Modafinil is a novel stimulant with pharmacological actions distinct from those of conventional amphetamines. DeBattista et al. [36] conducted a 6-week, double-blind, placebo controlled study in 136 MDD patients who had a partial response to antidepressant treatment. Patients received once-daily doses (100-400 mg) of modafinil or matched placebo as adjunct treatment with ongoing antidepressant therapy. Compared with placebo, modafinil resulted in a significantly greater mean improvement from baseline in fatigue (Fatigue Severity Index) at week 2 (p \ 0.005) and sleepiness at week 1 (p \ 0.01), but no effect on either parameter at the study endpoint.
Fava et al. [37] conducted an 8-week trial in 311 SSRI partial responders with excessive fatigue and sleepiness who were randomly assigned to either 200 mg/day modafinil or placebo. Although there were no significant differences between the placebo and modafinil groups on two fatigue scales at the final visit, global functioning was improved in the modafinil trial group.
Those studies support the idea that modafinil at 100-400 mg/day could act as an accelerant or adjunct to antidepressant treatment in relation to some depression symptoms, such as fatigue and sleepiness, but not to core symptoms such as mood and anhedonia. They also suggest that modafinil might be more appropriate as an augmentation agent in the treatment of antidepressant partial responders with excessive fatigue.
Level 2: Buspirone
Buspirone is an anxiolytic medication that acts as a partial serotonin 1A receptor agonist. Buspirone was first proposed for use in augmentation with SSRIs in 1991 [38] . The addition of buspirone to an SSRI or TCA may enhance the serotinergic effect and improve depressive symptoms.
The STAR*D trial demonstrated that augmentation with buspirone did not differ significantly from augmentation with bupropion following the failure of monotherapy with SSRI (remission rate 29.1 %: 30.1 %) [39] . Two controlled studies [40, 41] and one open study [42] found no effect of buspirone as augmentation therapy in TRD.
Level 3: Pindolol
Low-dose pindolol is a relatively potent serotonin 1A receptor antagonist. A meta-analysis conducted by Ballesteros and Callado [43] reviewed 15 clinical trials of pindolol added to antidepressants (SSRI, TCA, or trazodone). They found that adjunctive therapy with pindolol could significantly accelerate the response to the antidepressants, but the ultimate effect on treatment outcome was no greater than that of an antidepressant plus placebo.
Level 3: Methylphenidate
Methylphenidate is typically used in the treatment of patients with attention deficit hyperactivity disorder. Two RCTs of augmentation with methylphenidate failed to detect differences in outcomes compared with placebo [44, 45] .
A 4-week, double-blind, placebo controlled trial was conducted by Pae and colleagues [46] , but they failed to detect a significant benefit of applying methylphenidate extended-release (OROS MPH) to improve antidepressantrelated sexual dysfunction in patients with TRD.
Level 3: Omega-3 Fatty Acid
A meta-analysis [47] was conducted on 13 placebo controlled RCTs of omega-3 fatty acid treatment of MDD. Only six of them were augmentation therapy, and the other seven studies were monotherapy. There was no significant benefit of omega-3 fatty acid treatment compared with placebo.
Lin and Su [48] conducted a meta-analysis of seven placebo controlled trials of the antidepressant efficacy of omega-3 fatty acids. They found a significant antidepressant effect of omega-3 polyunsaturated fatty acids, but publication bias and heterogeneity may have accounted for this result. One trial was monotherapy, two trials studied bipolar depressed patients and none of them studied TRD patients.
The advantages of omega-3 fatty acids are their tolerability and acceptability, and they may possess other healthpromoting benefits. The disadvantages are the unknown optimal dose [1 g/day eicosapentaenoic acid (EPA) plus docosahexaenoic acid] and cost [49] . A meta-analysis was conducted by Sublette et al. [50] , who found that if omega-3 was greater than 60 % EPA trials were significantly effective but if EPA was less than 60 % it was not effective in the treatment of depression. Given that the diet in Asia may be rich in omega-3, whether omega-3 is less useful in these areas is still unknown.
Level 3: Folic Acid
Folic acid has been primarily assessed as a predictor of antidepressant response and as an adjunctive treatment. Low folic acid blood levels have been associated with lack of response and slower response to fluoxetine for MDD [51] , and higher folic acid levels at treatment baseline are associated with a better response to antidepressants [52] .
A review [53] found that folic acid had the potential to enhance the response of patients with depression. Folic acid has been compared with placebo as an adjunctive treatment combined with fluoxetine, with a significantly greater improvement in those receiving folic acid, especially among female patients [54] . It has also been noted to have advantages in terms of a decreased incidence of birth defects [55] .
Level 3: Anticonvulsants
Although their use in this context has not been extensively evaluated, anticonvulsants such as carbamazepine, valproic acid and lamotrigine may offer some benefit in the treatment of TRD [39, 56] .
Thomas and colleagues [57] have reviewed studies of augmentation with lamotrigine for the treatment of TRD patients who have failed treatment with at least one antidepressant. They found that lamotrigine was significantly superior to placebo on the Clinical Global Impression Scale for severity and improvement; however, this was not the case on the Hamilton Rating Scale for Depression (primary endpoint) and the Montgomery-Å sberg Depression Rating Scale.
Conclusions and Future Directions
This paper reviews the relevant literature about augmentation therapy with psychotropic agents other than atypical antipsychotics in major depression. Lithium and T3 are preferred agents to augment TCA, but not SSRI, nonresponse. The efficacy of augmentation with modafinil, buspirone, methylphenidate, folic acid, pindolol and lamotrigine is limited or equivocal. Most studies were uncontrolled and open-labelled, with small sample sizes and evaluated augmentation with TCAs, which have now been replaced by SSRIs as first-line therapy for MDD. Some studies were not designed for TRD patients. Therefore, it is not known whether they can be generalized for the treatment of MDD with initial SSRI failure. To investigate their efficacy and safety in the augmentation of SSRI, additional well-designed, randomized, placebo controlled trials should be conducted.
